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TITLE OF INVENTION 

QUANTIZED FEED SYSTEM FOR SOLID FREEFORM FABRICATION 

BACKG^^ 

. IV Fieldbf ftdlnventidifu^::^^ • 

10 The invention reinties in general to ^ material feed $ystem ^ in particular, to 

a quantized feed system that can selectively feed discrete portions of material directly to a solid freeform fabrication 
device to build three-dimensional objects. Because the feed system is quantized, the system can be used to build 
three-dimensional objects in color or to dispense more than one material In addition, the feed system can be 
integrated with a hermetically sealed waste removal system wherein reactive materials can be handled without 

15 special ha^^ 

2. Descrtptio^^ 

Recently, several new technologies have been developed for the rapid creation of models, prototypes* and 
parts for limited run manufacturing 

fabrication, herein referred to as "SFF". Some SIT technique 

20 modeling, laminated object manufacturing, selective phase area deposition, multi-phase jet solidification, ballistic 
particle manufacturing, fused deposition modeling, particle deposition, laser smtering, and the like. In SFF, 
complex parts are produced from a modeling material in an additive fashion as opposed to conventional fabrication 
techniques, which are generally subtractive in rtarture. For example, m conventional fabrication techniques material 
is removed* by thentrirrm In; contrast, 

25 additive fabrication techniques incrementally add portions of a build material to targeted locations, typically layer by 
layer, in order to build a complex part. 

SFF technologies typically utilize a computer graph ic rep^entjatipn of a part arid a supply of a build 
material to fabricate the part in successive layers. SFF technologies have many advantages over the prior 
conventional manufacturing memods. For instance, SFF technologies draniatically shorten the time to develop 

30 prototype parts and can quickly produce limited numbers of parts in rapid manufacturing processes. They also 
eliminate the need for complex tooling and machining associated with the prior conventional manufacturing 
methods, particularly when creating molds for casting operations. In addition, SFF technologies are ^ ad^tagepus 
because customized objects can be produced quickly by processing computer graphic data. 

There are a wide variety of build materials that are used in various SFF techniques. These materials are 

35 : typically^ 

•in utilizing highly v^ In addition, an 

interest has reoenjtfy developed as color on the three-dimensional objects 
produced by SFF processes. This has produced a need to develop special additives for the build materials along 
; with new dispi^ 

SDM, a build material is physically deposited in a layerwise fashion while in a flowable state and allowed to solidify 
to form an object In one type of SDM technology the modeling material is extruded as a continuous filament 
through a resi$tively Heated nqzde fa yet anoi*er type of S0M te 
45 dropped in discrete droplets in order to build up a part. In one particular SDM apparatus^ a thermoplastic material 
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^ used ,„ mk jet printer One type of SOM process utilizing i^jet print heads is described, for example in 
U.S. Patent No. 5,555, 176 to Menhennett, et al. 

made in TTT T ^ ^ ** " special modifications must be 

n^maiiy sohd material, such as a thermoplastic or ^ax material, must be heated to a flo^able state in order to be 
^cd, and then allowed to solidify. Further, in SDM dispensing resolution is not as critical as it is in twc- 

^gehemUy because, for each targeted P«e,feon. the aVnount of materia, to be jetted 

two droplets m two-dimensional primfog. Ah*^ ^ J fl W 

v. . . r 6 B we targeting accuracy may be the same, the actual resolution 

acmevedm SDM techniques is generally somewhat less *an m two^ime^ional printing because the six drop.ets 
dispensed may droop or slide towards adjacent pixel locations. 

Another difference is that because of me substantially greater amount of material jetted in SDM, the rate at 
wh, objects are formed becomes important Since achieving higher build rates in SDM has been a high priority 
initial SDM techniques dedicated all me discharge orifices in the Inkjet print heads to dispense a single build 

The differences mentioned above are significant and create a number of problems to be Id. 

y - « ^nerally considered impractical to mount a reservoir directly on the ink jet print head to hold al. of the 
matena, Thus, « ,s typical in most SDM systems to provide a large reservoir at a remote location from theprint 

cord. However the large container and umbilical cord must be heated to cause at least some of the build materia, to 
b^me or reman, fiowable so mat the materia, can flow to the dispensing device. Undesirably, stah up times are 
leTn qUeS ^ PrinthC ^ ^ - two-dimensional printing with Inkjet print heads due to 

*e le«gm of tune necessary to initially heat thesolidified materia! m the large .emote reservoir to its fiowable state 
,n addmon, a significant amount of energy is required to maintain the large quantity of materia, in the fiowable state 

r:;r:: b r:vi^ 
co,ordCr: P ~ 

print headstodispens^ 
^^-multip^ 

8eneraHy fl0t ****** is —1 ,o overcome me .imitations of the priorart SFF feed systems that 
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5 utilize a remotely heated material reservoir. There is also a need to develop a feed system for an ink jet print head 
used in SFF that can take advantage Of the color dispensing capabilities of the print heads 

Previous expedients have been proposed for delivering a phase change ink to a print head for two 
dimensional printing. For example, in U S Patent No, 3,861,903 to Crawford et al > a supply of ink sticks or blocks 
are linearly stacked in a loading bin that biases the stick at the end of the stack aga^ melted 

10 inkthen drips into the print head in a liquid state Similarly in U ? S Patent No 4*593,292 to Lewis and m U.S, 
Patent No 4,609,924 to De Young, a iongjblock of solid ink is biased against a heata^ for 
delivery of the melted ink to a print head. Also, in U.S. Patent No. 4,636,803 a supply of cylindrical pellets of solid 
ink are advanced along an elongated array prior to being melted for use by an ink jet print head* In U.S. Patent No. 
4,63 1,557 to Cook fit al., a cartridge holding a phase change material is heated to allow the melted material to drain 

15 into a^ppry system ^ 

advanced on a spool to a heater where the material is then melted prior to delivery to a ink Jet print head. In U.S. 
Patent No 5,341, 164 to Miyazawa et al , a number of embodiments of an ink jet supply system are disclosed In one 
embodiment an elongated array of solid ink is advanced and broken off at cutouts prior to being melted. In another 
embodiment, a vertical array of solid spheres of ink areheld in single file a^ are selectively dropped into the print 

20 head. However,^ 

the problems confronted in SDM techniques, such as how to handle and deliver the significantly larger quantity of 
build material needed to form three-dimensional objects. For example, the prior linear or array feed systems, if used 
for SDM, would have to be extremely long in order to hold the quantity of material needed, or require constant 
manual re^^ 

25 Another problem that is unique to SDM techniques is that the layers being formed must be shaped or 

smoothed during the build process to establish auniform layer. Normalizing die layers is commonly accomplished 
\vitt\^ 

U.S. Patent No. 6,270,335 to Leyden et al. However, the planarizer produces waste material during the build 
process that must be handled. Normally this is not a concern when working with non-reactive materials; however, it 
30 can become a problem when reactive materials are used. For example, most photopolymers are reactive, and 
excessive contact to human $kin may result in sensitivity reactions. Thus, most all SFF processes that utilize 



physical contact with t% 

handling the liquid resin and when removing finished parts from the build platform However, SDP operators who 
normally handle non-reactive materials consider addhional handling procedures would 
prefer they be eliminated. Thus, there isa need to provide a material feM^ 



These and other difficulties of the prior art are overcome accorf 
build material to the dispensing device of a SFF apparatus in discrete portions on an as needed basis when the 
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5 BRIEF SUMMARY OF THE INVENTION 4 
T1,e resent inven«o^ 

material to the dispensing device of a SFF a P p^ ift d ^ portions on .m as needed basis when forming a 
. . three-dimcnsionat object. v-y--?. - ■■ ■ 

: ■ : ; .' ,tis ^!^^0m invention to provide a new buiid materia! feed system foran SFFapparatus 
10 which overcomes the above-mentioned disadvantages of the prior art. 

It is another aspect of the present invention to provide a new butldniat^alf^ system foran SFF 
apparatus ma, takes advantage of the multiple color dispensing Capabilities of an Inkjet print head when forming 
three-dimensional objects. . 

It is a feature of the present invention that the feed system delivers the build material to the dispensing 
15 device as needed in discrete amounts to form three-dimensional objects. 

It is still another feature of the present invention that the build material delivered by the feed system is 
heated to a flowab.e state adjacent the dispensing device and is passed through a capillary valve into to a dispensing 
chamber which is maintained at sub-atmospheric pressure. 

It is an advantage of the present invention that it is no longer necessary to maintain a large quantity of build 
matenal in a flowable state in a remote reservoir at an elevated temperature in an SDM apparatus. 

It is another advantage of the present invention that materials can be used by an SDM apparatus without 
requiring the implementation of special handling procedures for the material. 

It is yet another advantage of me present inventim m« 
apparatus is substantially reduced. 

It is still yet another advantage of the present invention feed system that ink jet print heads can be utilized 
to build three-dimensional objects by SFF techniques having visual attributes such as color. 

These and other aspects, features, and advantages are achieved according to the method and apparatus of 
the present mvention that employs a unique build materialfeed system that delivers a discrete amount of build 
material on an as needed basis in a non-flowable state to a dispensing device. After the material is delivered to the 
dispensing device, it is changed from the non-flowable stateto aflowabkstatowhereinitmay then be selectively 
dispensed to form a three-dimensional object in a layerwise fashion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects, features and advantages of the present invention method and apparatus will 
become apparent upon consideration of the following detailed disclosure of the invention, especially when it is taken 
in conjunction with the accompanymg drawings wherein: 

FIG 1 is a diagrammatic side view of a prior art solid deposition modeling apparatus. 

FIG. 2 is a diagrammatic side view of an embodiment of the present invention feed system for use with the 
solid deposition modeling apparatus of FIG. 1. 

FIG 3 is a diagrammatic side view of a portion of the present invention feed system shown attached to an 
■ -inkjetprta 

FIG- 4 is a diagrammatic isometric view of an alternate embodiment of the present invention feed system . 
FIG 5 is a diagrammatic isometric view of a container for holding a discrete amount of build material for 
use in the embodiment shown in FIG. 4 

FIG; 6 iis a cross-sectional view of the w^ 

FIG* 7 is a schematic view of a preferred emrx>diment of the present hivot^ 
FIG, 8 is a isometric view of a SDM apparatus of the embodiment shown schematically in FIG 7 
To facilitate understanding, identical refeirace niimerats have bew tp designate 

identical elements that are common to the figures. 
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which follows hereinafter is 
will be understood, the basic apparatus 



. White the description 
it is not exhaustive. As 
lisesvvitis 

a breadth in keeping with the scope and 
e limiting language imposed by the 



While the present invention is applicable to aH SFF techniques and objects made therefiom, the invention 
will be described with respect to solid deposition modeling utilizing a build material that is dispensed in a flowable 
state. However it is to be appreciated that the present invention can be implemented with any SFF technique 
utilizing a wide variety of build materials. For example, the build material can be a photocurable or sinterable 
material that is heated to a flowable state but when solidified may form a high viscosity liquid, a semi-solid, a gel, a 
paste, or a solid. In addition, the build material may be a composite mixture of components, such a 
^^^ rab,e or mineral, if desired. 

As used herein, the term "a flowable state" of a build material is a state wherein the material is unable to 
resist shear stresses that are induced 

dispensing the material, causing the material to move or flow. Preferably the flowable state of the build material is a 
liquid state, however the flowable state of the bufld material may also exhibit thixotropic properties. The term 

material trai^ 

used herein, is a state wherein the material is sufBciently self-supportive under its own weight so as to hold its own 
shap *- ^ 

non-flowable state of a build material for the purposes of discussion herein. Further, the term "cured" or "curable" 
refers to any polymerization reaction. Preferably the polymerization reaction is triggered by exposure to radiation or 
thermal heat. Most preferably the polymerization reaction involves the cross-linking of monomers and oligomers 
30 initiated by exposure to actinic radiation in the ultraviolet or infrared wavelength band. Further, the term "cured 

state" refers to a material, or portion of a material, in which die polymerization reaction has substantially completed. 
It is to be appreciated that as a general matter the material can easily transition between'the flowable and non- 
flowable state prior to being cured, however, once cured, the material cannot transition back to a flowable state and 
bedispaised by the apparatus. Additionally, the term '•support material" refers to any material that is intended to be 
35 dispensed to form a support structure for the three-dimensional objects as they are being formed, and the term "build 
material" r^rs to anv 

similar ^ but, for purposes herein, they 

use. A preferred method for dispensing a curable phase change 
*** a ^^! a ^ ^ ^9*^' ^ree^imensionai object and for dispensing a nondurable phase change material to form supports 
40 " ' 



45 



"Selective De^ Phase Change Materials", which is herein incorporated by reference 

as set forth in full. A preferred curable phase change material and non-curable phase change support material is 

Light Curable Hot Melt Composition", which is herein incorporated by reference as set forth in full. 
Referring particularly to Figi. ^ 
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5 that can be adapted to incorporate the present invention build material feed system. The SDM app^ 11 is 
shown building a thite*diinensional object 20 in a build environment indicated: generally by the numeral : 13, : The 
object is built in a layer by layer manner on a build platform 1 5 that can be precisely positioned vertically by any 
conventional actuation means 1 7. The object is built in a layerwise manner by dispensing a build material in a 
flowable state. Generally, the build material is normally in a non-flowable state and changes to allowable state 

10 whettm^ temperature of the material. The build e^ a 

temperature below the flowable temperatut^ of the build material so mat the teee^tmensional part will solidify as 
the burld mateH pai^Hel to ^ 

trolley 2 1 carrying a dispensing device 1 4 resides. 

Generally; the trolley carrying the dispensing device is fed a build material 23 from a remote reservoir 25 

15 due to the large quantity of material typically needed to be dispensed by the SDN! apparatus to build a three- 
dimensional object In order to dispense the material, a heating means must be provided to heat the material to a 
flowable state in the reservoir 25 and to maintain the temperature of the material above ^flowable temperature of 
the build material Preferably, the flowable state of the build material is a liquid state. Chapgmjg the material to the 
flpwaj^ jftereservpir? the 

20 pravi^^^^^ cohn^c^gthe 

Located on the dispensing device 2 1 is at least one discharge orifice 27 for dispensing the build material. A 
recipr^tfm 

along a horizontal path by a conventional drive means 29 such as an electric raptor. Generally, the trolley carrying 
the dispensing device 21 takes multiple passes to dispense one complete layer of material from the discharge orifice 

25 27. InFig ^ 

: rlght A^ispe^ 
31 

used;^ 

accumulated effects of drop volume variation, thermal distortion, and the like, which occur during the build process. 
3«k A^ 

planarizer 39 travels mrougi a waste umbiKcal47 to waste bm 45. Tbe waste mateiM 

recycled, which generally depends onvme nature of me and the operating characteristic? of % system, 

i^f^ 

ari object, c<^^ 

35 at the remote computer in which theSTI. file is processed through print client software that is sent to the SDM 
apparatus 1 1 as a print job! The print job is processed and transmitted to the SDM apparatus by any conventional 
data tayisf^^ or the like. The data 

t^ 

into a prescribed pattern for each layer of the three-dimensional object to be built A computer controller (not 
40 shown) utili^ the prescribed pattern data to produce the^ ^ control commands operate the apparatus to 

form the three-dimensional object. 

Now, according to the present invention, a new build material feed system generally shown by the numeral 

10 in FIG. 2 and may be used in conjunction with the prior art solid deposition modeling apparatus 11 shown in FIG 

I , Advantageously, the new build material feed system 10 eliminates the reservoir 25, the umbilical 51, arid the 
45 heater elements 49 attached to me reservoir of me ^ The new method for dispensing the build 
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5 material by the present invention apparatus comprises providing at i^t onc queue station for holding a pW 

discrete amounts of a build material in a non-flowable state. A plurality of discrete amounts of build material are 
then loaded in Ae queue station in a random order. A discrete amount of build material is then delivered to at least 
one hopper on the dispensing device. The discrete amount of build material is then changed from the non-flowable 
state to the flowable state. The build material in the flowable state is then moved to a receptacle of the dispensing 
10 device and is finally dispensed in the flowable state in a layerwise fashion to form layers of a three-dimensional 
object An additional step of providing an environment for the build material to return to the non-flowable state 
after being dispensed in a layer may be implemented, if needed. 

In one embodiment, the discrete non-flowable build material is delivered in a drop-tn-load manner to 
hoppers located on the dispensing devices. The hoppers are provided with heaters which induce the build material 
15 to change to the flowable state. The hoppers are In communication with a receptacle via a passageway wherein the 
flowable build material is delivered through the passageway and into the volume of the receptacle which holds the 
material in the flowable state. The material is then dispensed through the discharge orifices of the dispensing 
device. In one embodiment the passageway comprises a capillary valve having an effective capillary force greater 
than the capillary force of the discharge orifices to allow the flowable buHd material to be drawn into the receptacle. 
20 The receptacle is maintained at sub-atmospheric pressure so as to prevent the build material from draining from the 
discharge orifices, and also to assist in drawing new build material into the receptacle from the hopper. In another 
embodiment, at least one hopper and at least one receptacle is provided for each dispensing device. 

Preferably the dispensing device is an ink jet print head although other dispensing devices may be used, if 
desired. In one embodiment, at least one hopper is provided with a dispensing device for receiving a build material 
to be dispensed to fbrni the three-dimensional object, and at least one hopper is provided with the dispensing device 
for receiving a support material for forming a support structure for the object In another embodiment, one ink jet 
print head dispenses a build material to form the three-dimensional object and another ink jet print head dispenses a 



In yet another embodiment, each hopper is associated with a unique visual characteristic and discrete 
amounts of build material indicative of 1he associated visual characteristic are delivered to the appropriate hoppers. 
Preferably, a color additive such as a dye or pigment is provided in the discrete amounts of build material for the 
colors cyan, magenta, yellow, and black. The different colored build materials are selectively delivered to the 
specific hoppers to enable the SFF apparatus to form three-dimensional objects in color. This is accomplished by 
providing a plurality of discharge orifices to be in communication with each receptacle associated with a given 
35 hopper so that the dispensing device can selectively dispense the build material with any color additive to any 
coordinate in any layer on the three-dimensional object. 

Alternatively, the hoppers may be associated with different mechanical properties related to different 
formulations of build materials in 



40 In a preferred embodiment the feed system is integrated wim a waste removal system and the discrete 

amountsof build material are provided in containers. The containers include a waste receptacle wherein ^ waste 
material generated when shaping the layers is deposited into the waste receptacle. Preferably the feed system 
handles two separate materials, one being a build material to form the object and the other being asupport material 
for supporting the object during the build process. Once substantially all of the material m a container has been 

45 dispensed, the waiter^ 
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5 Advantageously, the containers can be handled without requiring any special handling procedures for the waste 

material This makes the waste safe for disposal such as by delivery to a facility that can remove the waste material 
and recyctethe containers, if desired. Alternatively, if the waste material is reactive to actinic radiation it may be 
cured by exposure to such radiation in the w^t r 

Now referring back to FIG, 2, the buiW materal feed system 10 generally comprises a dispensing device 14 

10 and a build material delivery means generally shown by numeral 34. In this embodiment the build material delivery 
means can more generally be described as a mechanical indexer capable of delivering discrete amounts Of non- 
flowable build material on an as needed basis to the dispensing device 14. Discrete amounts of build material are 
shown by numeral 1 8, which in mis embodiment are spherically shaped having an average spherical diameter of 
approximately one inch. However, the shape of the discrete amounts of build material may be cubic, conical, 

15 cylindrical, or the like. They may also be formed in any common uniform shape such as, for example, the shapes 
commonly used in the pharmaceutical industry for tablets and pills. They may also take the shape of pellets or may 
everitegra^^ 

jfcfore me discrete ^ to the dispensing device, they are held in 

matenal queue st^iohs generally show the humeral 12, The queue stations are established by the provision of at 

20 least one holding bin shown by the numeral 36 Inferably each holding bin only contains a plurality of discrete 
amounts of build material mat all have a common characteristic, for example, such as containing die same color 
additive, the same material formulation, or the like. Importantly, a large quantity of discrete amounts of build 
material are contained in me queue stations since most SDM techniques must dispense a must larger quantity of 
matemriTip^ fte fwojrdtoiensta^ techniques. 

25 As such, the queue stations 36 are substantially large, and as shown in Fig. 2, the discrete amounts of build material 
1 8 are randomly placed within the queue station. In this configuration, the random placement of the material 1 8 in 
the queue stations saves a significant amount of space in the apparatus compared to stacking the material in a linear 

Shown by numerals 38A through 38D are dispensing actuators which deliver the discrete amounts of build 

30 ^mitis^ 

queue station 12, and at least one hopper 16 for each disusing device 14. \Vlien a hopper is low on build material, 
me computer control system (hot shown) activates the appropriate dispensing actuator (38A thrbugh 3 8D) to deliver 
a discrete amount of build material 18 to the hopper 16 Preferably; a sensor {not shown) is provided for each 
hopper 16 which detects a low condition of the hopper. In response to the low condition, the computer control 
35 s]pem deliver a s 

triggere the dispensmg actuator to deppsita discrete amount of build material to the hopper For example, shown by 
nymeraii^ 

demonstrates a drop*in«load manner of delivering the build material to the dispensing device 14. 

The present invention is unique in that the discrete amounts of unused build material 18 are delivered on an 

40 as-needed basis to the dispensing device 14 in a non-flowable state. This discrete or quantized ^proach to 

delivering build material to the dispensing device of an SFF apparatus produces significant advantages oyer prior ait 
SFF systems, One advantage is that it completely eliminates the prior art heated reseryoir and umbilical delivery 
system More importantly the system is readily adaptable for dispensing any number of different build materials 
sbnultaneously. For example, color additives such as dyes or pigments can be premixed in the discrete amounts of 

45 build material 1 8 which are then delivered to their respective hoppers on the dispensing device 14 in order to build 
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5 three-dimensional objects in color; V* 

The next step in the build material feed system once the discrete amounts of build material 1 8 have been 
delivered to the hopper 1 6 is to change the non-flowable state of the build material to a flowable state Preferably a 
heat,^ 

, d.spensmg device and hopper m order to rai^ from the non-flowable to a 

10 flowable state. The change in state is shown in FIG. 2 by nurnerals 18B, 18C and 18D, wherein the build material is 
shown progressively changingfromthenon-flowable state to me flowable state: Shown in HG. 3; the hopper 16 
mcludes a containment wa^ j g 

causmg ,t to transition to the flowable state, as shown by numeral 32. It is in this flowable state where the build 
marenal te ca^ble of bemg delivered to me 
15 d.spensing device. Although only one hopper 16 and receptacle 22 are shown in FIG. 3, any number or combination 
may be used for each dispensing device, as desired. 

Now referring to FIG. 3, a diagrammatic cross-sectional view is shown of the dispensing device 14 The 
dispensing device ^ 

or ciliary valve 24. ^ 

20 30. Preferably, me passageway fcacapill^ 
capillary forceo^ 

3 to 9 mches of H a O. Thus, h is desirable to select a porous material for the capillary valve 24 having an effective 
capillary force greater than about 9 inches of H s O. Satisfactory results can be achieved using metTmeThfiltotr 
havng an effective capillary force of between about 25 to 60 inches of H,0. With sub-atmospheric pressure being 
25 apphed to the receptacle 22, the flowable build material 32 is drawn through the capillary valve or passage 24 and 
mto the receptacle 22. Shown in FIG. 3 the sub-atmospheric pressure is applied to the volume of material in the 
receptacle 22 via a vacuum line connection 28. Alternatively the receptacle may comprise a generally sealed 
membrane, or the like, and the sub-atmospheric pressure can be established by providing a biasing spring inside the 
membrane, if desired. Generally the sub-atmospheric pressure is needed to prevent the flowable build material in 
30 the reservoir 30 from draining through the discharge orifice 27 when the Inkjet print head is not in use. The 

capillary valve shown in FIG. 3 is conceptually similar to that as disclosed in U.S. Pat. No. 5,280,300 to Fong et al. 
wherein the capillary valve is used in connection with refilling an aqueous ink solution into an Inkjet cartridge. 

Preferably, me upper surface level 40 of the flowable build material 30 in receptacle 22 is monitored by a 
sensor (not shown). As the material is being dispensed from the discharge orifice 27, the volume of flowable build 
35 material 30 in the receptacle starts to decrease, resulting in a low condition that is detected by the sensor. The sensor 
then provides a signal to the computer controller which in turn signals the appropriate dispensing actuator (38A- 
38D) to delivering another discrete amount of non-flowable build material 1 8 into the hopper 16. This unused 
material then changes to the flowable state, for example by the application of heat, and is drawn into the receptacle 
22 to replenish the supply of flowable build material 30. Thus, the sensors), the dispensing actuators), and 
40 computer controlsystem operably function to deliver the discrete amounts of build material to mehoppers on an as- 
needed basis. 

It is to be appreciated that a unique featureof the present invention is that discrete non-flowable amounts of 
bu.ld material are selectively deliver^ Many advantages are achieved by 

delivering discrete non-flowable amounts of build material to the dispensing device. For example, thereis no longer 
45 a need to provide a large heated remote container of flowable material delivered via an umbilical cord to the 
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5 dispensing device. This eliminates a substantial amount of heat previously provided to maintain the material in the 
flowable state, However, there are other unique advantages to the present invention. Because discrete amounts of 
material are selectively delivered to the various hoppers, the system can be easily adapted to either selectively 
dispense different materials, or to selectively dispense a single build material with different additives such as 
" pijgii^^te -or- dy^ess, -ff ■ desired*-.- - • 

10 For example, in one embodiment a hopper may be dedicated to deliver a build material that is dispensed 

exclusively for building the three-dimensional object 20 while other hoppers may be dedicated to delivering a build 
material to be dispensed exclusively for forming a support structure for the three-dimensional object, Alterti^tiYely, 
there could be more than one dispensing device 14, i.e. ink jet print head, where one could be dedicated to 
exclusively dispense build material to form the three-dimensional bbjfec% and another 

15 exclusively dispense the support material to form a support structure for the three-dimensional object, as needed 

In another embodiment die dispensing device 14 may have a plurality of hoppers 16 wherein each hopper is 
associated with a unique vteual characteristic, The unique visual ch^acteristic associated with the hoppers may be 
indicative of color, shading, texture, fluorescence, or translu<^cy, were the unique visual 

characteristic assc<iated hoppers, tablets or pellets Ofthe build m^rial in which a color additive has 

20 already been included would be delivered exclusively to a hopper associated with that color. Thus, it is envisioned 
that die discrete amounts of build material may be selectively delivered to the hoppers with specific color additives 
to enable the ink jet print hekd to build uVee^dunensiona] objects in color, fa one embodiment, color additives 
indicative of cyan, magenta, yellow, and black may be provided to the discrete amounts of build rratenal and 
selectively delivered to hoppers associated with cyan, magenta, yellow and black. The hoppers may then be in 

coordinate of any layer of the three-dimensional object. Preferably, a plurality of discharge orifices are provided 
that are in communication with each receptacle associated with each hopper such that the dispensing device can 
selectively dispense the bttild materialwith any color ^ditive to m%<m^m ofthe three-dimensional object 
Thusvit is envision^ 
30 dispensing device of the present invention. 

Alternativ^yi th^op^ iditlere^m 
material formulations. For example, build materials having different mechanical properties could be selectively 
dispensed to any coordinate in any layer of the three-dimensional object This would desirably produce composite 

35 The dispensing device shown in the FIG; 1 recipitx^tes in a horizontal plane while thf build platform 

remains stationary However other motion means may be used for movuig Ae dispensing device ard the build 
platform restively when dispensing die build material. For example^ could be held 

stationary and the build piatfc^ 

device and die build platform may reciprocate; if desired to addition; if two or more dispensing devices are used, 
40 they may be configured to reciprocate in different directions within a horizontal plane, if desired. Alternatively the 

motion means does not need to rely on recir^ocation For example the buUd platform could continuously rotate 

about an axis adjacent a stationary dispensing device, and vise versa, if desired 

Referring to FIG . 4, a preferred embodiment of the build material feed system 10 is shown. In this 

embodiment the queue station 12 forms a magazine for holding a plurality of containers 42. The containers hold a 
45 discrete amount of build material that is initially in a non-flowable state Preferably die containers 42 are cartridges 
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providing a significantly largeamount of build material in each cartridge, the length ofthe magazine can be 
minimized to an acceptable size, making linear stacking of the cartridges feasible. Providing a significantly large 
amount of build material in the cartridges is possible since the material in each cartridge is slowly expelled as 
10 neededtofeedtomeprintheadinsteadofbeingdeliveredallatoncetomepr^^ The hopper comprises a 
mechanical indexer 44 that receives the cartridges and then rotates them into a position where an extrusion bar 46 
applies fbrceto the cartridge to remove the build material from the cartridge. The material is removed through an 
orifice at tend (shown at 70in FIG. 5) and into a filter 48. The extrusion bar 46 is biased axially along ashaft 54 
by a feed motor 52. As the extrusion bar 46 applies the force to expel the build material, the material passes through 
15 the filter 48 and is delivered to the dispensing device 14. 

,tist0 bea PP reciated m at the amount offeree applied by the extmsion bar exe^ 
shear stress on the material in the cartridge to expel the material. The amount of ftfe fo^^ 
material need not be in a flowable state to be expelled from the cartridge. Depending on the build material and the 
specifications of the dispensmg device, me^ beomhted. However, if an 

20 dispensing device, it may bearable to ran me build material through a 5-micr<m filt» prior to deliv^ the 
material to the print head. Alternatively the filter may be omitted from the SDM apparatus if the material is ran 
tlut)u^ a filter prior to loadiiig me mater In this embodiment the^tf^ 

material " l the Cartrid8es ^ de »vered to the queue station 12 while the build materia^ 
Heater elements, identified by numeral 50 are situated on the queue station 12, on the indexer 44, on the filter 48, 
25 and on the dispensing device 14. The heater elements 50 provide thermal heat to change the buildmaterial to the 
flowable state and to maintain the build material in the flowable state as it moves through the delivery system to the 
print head. Preferably the build material transforms from the non-flowable state to the flowable state in the cartridge 
prior to being delivered to the indexer 44, although this is not required. 

Unique to the embodiment in FIG. 4 is die integration of a waste removal means with the build material 
30 feed system 10. Waste material <shown in FIG. 7 by numerals 58, 92, and 43) generated during planarizing is 

returned mrough a waste umbilical 56 and is delivered to a waste receptacle 60 provided on me c<)htainer 42. The 
waste removal means is unique in that it can take reactive waste material, such as an uncured photopoiymer 
material, and hermetically seal the waste material in each cartridge prior to ejecting each cartridge. Desirably, the 
sealed and ejected containers 66 can be directly handieo by personnel in an office environment thereby eliminating 
35 the need for special handling procedures for die waste material. 

Referring particularly to FJG. 7 there is illusbated generally by the numeral 86 a preferred solid Worm 
fabrication apparatus. This apparatus 86 is shown including schematically the material feed and waste system 10 of 
FIG. 4. In contrast to the prior art apparatus shown in FIG. 1 , the build platform 1 5 is reciprocally driven by the 
conventional drive means 29 instead of the dispensing trolley. The dispensing trolley 21 is precisely moved by 
40 actuation means 17 vertically to control the thickness of the layers of the object 20. Preferably theactuation means 
1 7 comprises precision lead screw linear actuators driven by servomotors. In the preferred embodiment the ends of 
the linear actuators 17 reside on oppositeends of thebuild environment 13 and in a transverse direction to the 
direction of reciprocation of the build platform. However for ease of illustration in FIG. 7 they are shown in a two- 
dimensionally flat manner giving the appearance that the linear actuators are aligned in the direction of reciprocation 
45 of the build platform 15. Although they may be aligned with the direction of reciprocation it is preferred mey be 
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5 situated in a transverse direction so as to optimize the use of space wimin the apparatus. 

In the build en Yironment general I y i llustrated by numeral 1 3, there is shown by numeral 20 a three- 
dimensional object being formed with integrally formed supports 53 The object 20 and supports S3 to in a 
sufficiently fixed manner on the build platform 15 so as to sustain the acceleration ^ deceleration effects during 
reciprocation of the build platform while still being removable £rom the platform. In order to achieve this, it is 

10 desirable to djsp^^ sft le^tone complete layer of support material on the build platform before dispensing the 
build material since the support material is designed to be removed at the end of the build process In this 
embodiment, the material identified by numeral 23 A is dispensed by the apparatus 10 to form me three-dimensional 
object 20» and the material identified by numeral 23B is dispensed to form the support 53. Containers identified 
generally by numerals 42A and 42B respectively hold a discrete amount of these two materials 23 A and 23 B, 

15 Umbilicais 51A and 5 IB respectively deliver me material to dispensing device 27, which in the preferred 
em bodiment is an ink jet print head having a plurality of dispensing orifices 

Preferably the materials 23 A and 23)3 are phase change materials that are heated to a liquid state, and 
heaters (not shown) are provided on the umbilicais 51 A and SIB to maintain the materials in a flowable state as they 
are delivered to the dispensing device 27. In this embodiment the ink jet print head is confined to dispense both 

20 materials from a plurality of dispensing orifices so mat both materials can be selectively dispensed in a layerwise 

fashion to any location in any layer being formed; When the dispensing device 27 needs additional material 23 A or 

:/:23B;iex^ 

through the umbilicais 5 1 A and 52B, and to discharge orifices 27 of the dispensing device 14. 

The dispensing trolley 2 1 in the embodiment shown in FIG. 7 comprises a heated planarizer 39 that 
25 removes excess material from the layers to normalize the layers being dispensed The heated planarizer contacts the 
material in a non-flowable state and because it is heated, locally transforms some of the material to a flowable state. 
Due to the forces Of surface tension, mis excess flowable material adheres to the surface of the planarizer, and as the 

separates the material ^ surface of me planarizer 39 and directs the flowable ? ^aste reservoir 

i^e^ofr ^ 

The waste reservoir is connected to a heated waste umbilical 56 for delivery of the waste material to the 

35 60A and 60S. Although only oneurabilical 56 with a splice connection to each waste receptacle is shown, it is 
preferred to provide a separate waste umbilical 56 between the waste reservoir 94 and each waste receptacle 60A 

; : TOd;»Bi;.;;;;r : ;;;;-;" : :•: : ".. j:..;:.,.", ^;- a ;- a ;^;:;^^>!;-;: : ;::""; " : 

For each waste receptacle 60 A and 60B, there is associated a solenoid valve 100A and 10QB, for regulating 

:::me^^ 

40 0 ft ly<#e*^ 

dispensed into the waste receptacle 60A. This feedback control of the valves prevent delivery of too much waste 

: ;:S 
proportion ^ the ^ 

45 waste material to the waste receptacles is balanced with the feed rates of build material and support material of the 
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feed system. • 

In the ^ 

waste material from overflow The system comprises an optic sensor 102 prbvW 

waste reservoir 94 that detects an exoes^ level in 
me w^te reservoir 94 rai^ 
signal to toe 

<» m P on ^ts inside the appals ^ of the feed and waste system. The apparatus can then 

^ e s ^ i ^ t0 corrcct the malfunction thus preventing excessive damage to the apparatus. 

In the preferred embodiment shown in FIG. 7, the build material 23A is a phase change material that is 
cured by exposure to actinic radiation. After the curable phase change material 23 A is dispensed in a layer it 
transitions from the flowable state to a non-flowable state. After a layer has been normalized by tiie passage of the 
planarizer 39 over the layer, the layer is then exposed to actinic radiation by radiation source 88. Preferably the 
actinic radiati 

occurs prior to ex^ This is because the preferred planarizer can only 

normalize the layers if the material in the layers can be changed from the non-flowable to the flowable state, which 
cannot occur if the material 23 A is first cured. 

In conjunction with the curable build material 23A, a non-curable phasechange material is used for the 
support material 23^ cannot be cured, it can be removed from the object and build 

platform, for example, by being dissolved in a solvent. Alternatively the support material can be removed by 
application of heat to return the material to a flowable state, if desired. 

In this embodiment the waste material comprises both materials as they accumulate during planariztng. 
Preferably, a second radiation source 70 is provided to expose the waste material in the waste receptacles to 
radiation to cause the material 23 A to cure so that there is no reactive material in the waste receptacles. 

A preferred embodiment of the containers 42 for use in the feed and waste system are shown in FIGS. 5 
and 6. Each container 42 comprises a syringe portion 62 and plunger portion 64. The syringe portion forms a 
cylinder having a small opening 70 at one end for dispensing the material- A flange 72 is provided on the end 
opposite the small opening, which acts as a key for loading the containers into the hopper. The plunger portion 64 
comprises a pis^>^ 

portion 64 also has a sealing end 76 which, as shown in FIG. 4, when the container is loaded into and held in place 

the plunger portion 64 is driven into the syringe portion 62 the material in the syringe portion is expelled through the 
small opening 70. 

Preferably, all the containers loaded with the build material have an identical flange configuration that can 
only be received in a magazine that dispenses the build material All the containers loaded with the support material 
have a different flange configuration that can only be received in the magazine that dispenses the support material. 

A protruding tip 82 is provided on the piston end 74, which expels the last material in the small opening 70. 

waste m ^ teriai - ^fe^'y are *w<> s^metrically opposed waste receptecles 60 for each plunge^ 

shown in FIG. 6. The symmetrical waste receptacles are defined by a common bottom 80 and two generally parallel 

sjdewalls 78. The length of 

4, the magazine 16 can have a keyway 84 sized to only allow the containers to be inserted with the side wails 78 
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positioned horizontally. The side wall must be positioned horizontally in the magazine so that the indexer 44 can 
then rotate the containers to the appropriate position with the side walls positioned vertically prior to the container 

being acted on by the extrusion bar 46. Since the container is symmetrical about the common bottom 80 of the 

plunger portion, the containers cannot 

Referring back to FIG. 4, the extrusion bar acts on the plunger portion 64 to drive the plunger into the 
syringe portion 62 and thereby remove the build material from the container. As this occurs, the waste material 43 
is deposited into to Once substantially all of the material has been 

delivered to the dispensing device 14, the waste material is preferably sealed within the container for safe disposal. 
This is accomplished when the sealing end 76, shown in FIG. 5, engages the cylindrical syringe portion 62 to 
achieve a substantially air tight fit Once substantially all of the material has been del ivered to the dispensing device 
and the plunger has been sealed, the indexer barrel then i rotates and ejects the sealed cartridge, as shown by numeral 
66* into a waste drawer or bin 68 After the sealed cartridge 66 is ejected, the indexer then replaces the ejected 
container by loading a new container from the queue station. 

• ,l;::t^ systems. For example, since the 

material is both delivered and ejected m h^ sealed cartridges, reactive materials may be used by the SFF 

apparatus in an office environment without requii^ special handling procedures, In addition, when tile build 
material is a UV curable material, a UV flash cure lamp* shown by numeral 70, can be used to cure the waste 
material by exposing the waste material to actinic radiation after die waste material has been dispensed into the 
waste receptacle 60. This provides an additional level of protection in the event an ejected cartridge is mishandled 
and Mhexpectedly diimaged to the point th^di^ me waste material becomes possible 

It is preferred that an SFF apparatus shown in FIG. 7 be provided with two feed systems, of wh ich: for the 
ease of illustration just one is shown in FIG. 4 at numeral 10. One feed system delivers the build material 23A, and 
theotheV^ conjunction wi^ 

FIG. 6, me supj^it mater build material 

magazine Likewise, the tofld m^eri 

material magazine. Such special keying of the cartridges and magazines elim inates the possibility of inadvertently 
mixing the materials in the apparatus. In the preferred embodiment, the waste material comprises portions of both 
the build material and the siipj^ material, whiai are delivered tp the yy^te receptacle of the support material 
cartridge and build material cartridge; Preferably the waste material is delivered to the waste receptacle of a 
cartridge only when the cartridge is expelling material for use by the dispensing device 

In an alternative emlx^ may comprise flexible tubes or bags instead of a cartridge to 

deliver the material, In addition, instead of using an extrusion bar to expel the material, a pair of rollers could be 
used to squee^ me material out at one end of the tube or bag. Waste material could also be delivered back into the 
tubes or bags on the opf^site end of ^ tu^ w bag as the roller a^ance fo»war<3( to expel the materia^ to 
the mariner in which a peri^itfe coul^ ^^ t^ to actinic radiation in 

which case the waste material could be cured in the bag or tube by exposure to actinic radiation that passes through 
the thin walls of the bag or tube: The l^ wuld th^ be tied Of sealed prior to Meeting the Waste material. 

Now referring to FIG 8, the SDM ^)paratus schematically shown in FIG 7 is shown at 10 To access the 
build environment* a slideable door 104 is provided at the front of the apparatus The door 104 does not allow 
radiation within the machine to escape into the environment The apparatus is configured such that it will not 
operate or turn on with the door 104 open; In addition, when the apparatus is in operation the door 104 will not 
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open. A build material feed door 106 is provided so that me build materia can be inserted into the 

apparatus- A support m aterial feed door 1 08 is also provided so that the support material can be inserted the 
apparatus. A waste drawer 68 is provided at me bottom end of the a^ 1 0 so that the expelled waste 

ccmtaineisc^ 

external c<^puter 35 previously d^ 

• computer,' v . ._../:.:::..:;::.::;: .. ... .;. ,'::.:.:v:.::.:;: : ::;;'. 

I:.:* : desc "^ are preferred em^im^ and changes may be made 

without departing from the spirit and scppe of the accompanying claims. 
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WHAT IS CLAIMED IS: 

1 A method for dispensing a build material in a flowable state from a dispensing device of a solid 
freeform fabrication apparatus to form a three-dimensional object, the method comprising the steps of 
providing at least one queue station for holding a plurality of discrete amounts of build material in a non- 
flowable state; :-.v\:,.:.:. .. 

loading the plurality of discrete amounts of build material in a non-flowable state to the queue station, the 
discrete amounts of build m 

delivering the discrete amounts of build material from the queue station to at least one hopper on the 
dispensing device; 

charging the build m 

materiaTto the 

moving the build material in the flowable state in the hopper to a receptacle of the dispensing device; and 

dispensing the build material in the receptacle by the dispensing device in trie flowable state in a layerwise 
fashion to form the three-dimensional object 

2^ ...... 

providing an environment for the build material to return to the non-flowable state after being dispensed in 
the layerwise fashion. 

3. The method of claim 1 wherein the step of delivering the discrete amounts of build material occurs 
in response to a low condition detected in the amount of build material held in the receptacle. 

4. The method of claim 1 wherein the step of moving the build material in the flowable state in the 
hopper tothe receptacle is accomplished by capillary action. 

5. M 

material, the support material forming supports for the tto ee^ime 

6 The method of claim 5 wherein the step of dispensing the build material and the step of dispensing 

the support material fr^ 

7. ; ; I The method of 

materials, each different build material being associated with a unique visual characteristic, 

8. The method of claim 7 further comprising the step of 

including a color additive in each different build material to establish the plurality of different build 

materials:; C Z ^ " . . 

9. The method of claim 8 wherein the color additives are indicative of the colors consisting of cyan, 

a build material feed s^ 
non-flowable state and a flowable state, the appar^ 
the feed system comprising: 

means for holding a plurality of discrete amounts of build material in a non-flowable state; 
means for delivering the ^ 

hopper on the dispensing device; 

means for changing the build material from tfife non-flowable state to the flowable state after delivery of the 
build material to the hopper; 

means for moving the build material in ^ the flowabie stete in the h 
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device; • 

means for dispensing the build material 

11; The build material feed system of claim 14 further comprising 

means for detecting a low condit^ for controlling the delivery of 

the discrete amounts of build material to 
* 12. The ^ 

h ?PP e r to the receptacle comprises a passage in the dispensing device, the passage being in communication between 
the receptacle and the hopper. 

13- The build material feed system of claim 12 wherein the dispensing device has at least one 
discharge orifice In communication with the receptacle; me discharge orifice having a c^iHary force, and the 
passage comprises a capillar 

dischar g? orifice and the receptacle of the dispensing device is maintained at sub-atmospheric pressure. 

.-. : 14 . The build material feed system of claim 1 6 wherein the dispensing device comprises at least one 
irik jet print head having a plurality of discharge orifices. 

; 15. The build material feed system of claim 14 wherein the dispensing device comprises at least two 
hoppers, at least one hopper adapted for receiving the build material to be dispensed to form the three-dimensional 
object, and at least another hopper adapted for receiving a support material to be dispensed to form supports for the 
: . . '. threerd tmehsiohal object . [\[ ;/; ; : ; ■ ■ 

16. The build material feed system of claim 10 further comprising at least two dispensing devices, at 
least one dispensing device for dispensing the build material forming the three-dimensional object and at least one 
dkpensing device dedicated to d ispense a support material to form supports for the three-dimensional object; 

17. The build material feed system of claim 10 wherein the dispensing device comprises a plurality of 
hoppers, each hopper being associated with a different build material having a unique visual characteristic and being 
delivered the build material indicative of the unique visual characteristic. 

18. The build material feed system of claim 1 7 wherein the unique visual characteristic associated 
with the hoppers is color, and a color additive is provided in the different build materials delivered to the hoppers. 

1 9. Thebui Id material feed system of claim 1 8 wherein die color additives are indicative of the colors 
consisting of cyan, magenta, yellow, and black. 

20. The build material feed system the dispensing device has a^ of 
^harge ^ rifi ^s ttat can se lect ively dispense *e b^ with any color additive to any coordinate in any 
layer of the three-dimensional object. 

2 1 . The build material feed system of claim 1 0 wherein the means for delivering the discrete amounts 
of build material to the hopper comprises a mechanical indexer the delivers die material in a drop-in-load manner. 

22. A solid freeform fabrication apparatus for forming a three-dimensional object in a layerwise 
fashion by dispensing a build material in a flowable state, the apparatus comprising: 

a build environment having « build platform for supporting the three-dimensional object while it is being 

at least one dispensing device adjacent the build platform for dispensing the build material in the flowable 
state to form 1^ 
the build material; 

at least one queue station for holding a plurality of discrete amounts of build material in a random order, 
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the material residing in a non-flowable state; 

a motion means Ibr moving the d the 

;• build materials ^ :::::: : :v::: : :.::.:::./.::.::;:^ ■ ■ 

a means for delivering the discrete amounts of build material from the queue station to the hopper, 
a heating means in communication with the hopper for changing the build material from the non-flowable 
state to the flowable state; and 
a computer controller 

controller adapted for processing the data in order to controlthe apparatus when forming the three-dimensional 

23. The apparatus of claim 2 1 wherein the dispensing device further comprises: 

at least one receptacle for holding a volume of the build material in the flowable state; and 
wherein the d iscrete amounts of the build material are del ivered to the hopper in response ; to a low 
condition detected by the computer controller in the amount of build material held in the receptacle. 

24. The apparatus of claim 23 wherein the dispensing device farther comprises: 
at least one discha^ew 

force; 

a passage in communication with the receptacle and the hopper, the passage including a capillary valve 
having an effective capillary force greater than the capillary force of the discharge orifice, the passage allowing the 
: build material in the h^ 
.; recepmcle;^^ 

wherein the volume of build material in the receptacle of the dispensing device is maintained at sub- 
atmospheric pressure. 

25. The apparatus of claim 24 wherein at least one hopper is adapted for receiving the build material 
to be dispensed to from the three-dimensional object, and at least one other hopper is adapted for receiving a support 
material to be dispensed to form supports for the three-dimensional object. 

26. The apparatus of claim 22 further comprising at least two dispensing devices, at least one 
dispensing device ford 

dispensing device for dispensing a support material to form supports for the three-dimensional object 

27. The apparatus of claim 22 wherein the dispensing device further comprises a plurality of hoppers, 
each hopper being associated wi& i 

delivered build material indicative off the unique visual characteristic. 

28. The apparatus of claim 27 wherein the unique visual characteristic the build material delivered 
to each hopper is color, and a eotor additrw^ the hoppers 

29. The apparatus of claim 28 wherein the color addit^ are m^ of 
die colors consisting of iCQjrafl^- im^^^Bta^ -ydlowy -iniifil-l»l»Sfe» 

30. The 
communication wit^ 

coordinate in any layer on the three-dimensional object. 

31. a method for delivering at least one unused material and removing waste material in a solid 
freeform fabrication apparatus to form a three-dimensional object, the meth<xl comprising the steps of, 

delivering at least one container to a queue station, the contain^ ho of material; 
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removing the discrete amount of material from the container; 
• del i vierihjg : the Amoved ma 
dispensing the rem 

• dimensional object; 

producing waste materM 
depositing the wa&e mate^ 

material. 

;;\T; 32. ;i*e; m ethod 6 f cl aim 31 further comprising the ;^eps of: 

ejecting die container all of the m ater ial in the container has been expelled; and 

■ • '-repfac^ 

: 33. 1^ 
. curing ^e Waste rnatOT 

: 

' actinic'-radiation. z ' 

35. The method of claim 34 further comprising the step of: • 
7 posing the waste receptacle prior to ejecting me container. ; 

; ; : ^ e tttiod o f claim 3 1 wh^ steps are executed for dispensing a bu i id material to form the 

^^^^ support material to form support for the mreKlimensro^ 

build material and support m 

37. Itte 

ejecting the containers when substantially all of the material in the container has been expelled; and 
replacing the ejected container with another container holding a discrete amount of material to be delivered 
to the dispensing device. 

38. The method of claim 37 further comprising the step of: 

curing the waste material in the waste receptacle by exposing the waste material to actinic radiation. 

39. The method of claim 38 further comprising the step of: 
closing the waste receptacle prior to ejecting the container. 

■ 

; comprising: 

• • : .- material; • ;;• ;::;:/.■; : : ; : ; ; ;■ ; . : ; ; ; . : ;'. ' . . . ; ; ; ... :/:/.": .. ;■ 

means for removing the discrete amount of material from the container, 
means for delivering the removed material to at least one dispensing device- 
means for dispensing the material by the dispensing device in a layerwise fashion to form via a plurality of 
layers a three-dimensional object; 

^ the container. 

: 42: ^The^sj^ 

means for curing the waste materia 
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43. The system ofclaim 42 wherein the m 

by exposure to actinic radiation. ' . • 

: ; : 44; The system of claim 43 further compris ing: 

means for closing the waste receptacle prior to ejecting the container. 

45. The system of claim 40 further comprising: 

means for delivering at least one 
amount of a support material; 

means for removing 

means for delivering the removed support material to the dispensing device; 

means for dispensing the support' material by trie dispensing device in a layerwiie fashion to fonn supports 



wherein the means for depositing the waste material also dispenses the waste material in a waste receptacle 
associated with the container holding a discrete amount of support material. 

46. Hie system of claim 45 further comfH-isihg fte stqps of: 

means for ejec 

.47-' 

means 1 

with the containers. 

48. The system of claim 47 wherein the means for curing the w^e materi^ the waste materia 

by exposure to actinic radiation . 

49. The system of claim 48 further comprising: 
means for closing the wasted 

50. A solid freeform fabrication apparatus for fonning 
fashion by dispensing at least one material, the apparatus comprising: 

a^^ 

formed; 

at least one dispensing device adjacent the build platform for dispensing the material to form layers of the 
three-dimensional object; 

■ a motion means for respectively moving the dispensing device and the build platfom; 
means for normalizing the dispensed layers producing waste material com^ 

ive< 



;m 

a) receiving at least one container, the container holding a discrete amount of the mater ial, 



;;c):..:.;...: 

d) depositing the waste material in a ) 
51; The apparatus of claim 50 fiirther comprising: 

means for ejecting the container when substantially all of the material in the container have been removed. 
52. The apparatus of claim 51 further comprising: 

a waste curing means for curing the waste material after the waste material is deposited in the waste 
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receptacle, the waste material being cured by exposure to actinic radiation. 

53. The apparatus of claim 52 further comprising: 
a waste cluing ffi 

54. The apparatus of claim 50 wherein the dispensing device dispenses a build material to form the 
three-dimensional object and a support material for forming support for the three-dimensional object. 

55. The apparatus of claim 50 having two dispensing devices, one dispensmg device dispensing a 
build material to fortn the tlu^ and the other dispensing device dispensing; a support material to 
form support for the three-dimensional object. ; 

56. An improved solid freeforni febri<^ion apparatus for forming a three-dimensional object in a 
layerwisefehibii 

a bu i Id platform for supporting the thre^ object while it is being formed, at least one dispensing device 

adjacent the bu ild platform for dispensing the material to form layers of the three-dimensional object and for 
d ispensing the material in the layers to support the three-dimensional object, a motion means for respectively 
moymg *® ff ^P.*??^8 device and the build platform, a means for normalizing the dispensed layers producing waste 
material comprising dispensed material, arid :a computer c^ object data descriptive of the three- 

dimensional object and for processing the data and controlling the apparatus when forming the three-dimensional 
object, wherein the improvement comprises; 

a material delivery and waste removal means for: 

a) receiving at least one container, the container holding a discrete amount of the material, 

b) removing the discrete amount of material from the containers, 

c) delivering the removed material to the dispensing device; and 

d) depositing the waste material in a waste receptacle associated wi^ 

57. The apparatus of claim 56 further comprising: 

means for ejecting the container when substantially ail of the material in the container has been removed. 

58. The apparatus of claim 57 further comprising: 

a waste curing means for curing die waste material after the waste material is received in the waste 
receptacle, the waste materia] being cured by exposure to actinic radiation. 

59. The apparatus of claim 58 further comprising: 

a waste closing means for sealing the waste receptacle of the container prior to ejecting the container. 
60 - ^ the dispelling device dispenses a build^^ form the 

three-dimensional object and a support material for forming support for the th^ object. 

61. The apparatus of claim 60 having two dispensing devices, one dispensing device dispensing a 
build material to form the three-dimensional object, and the other dispensing device dispensing a support material to 
form support for the three-dimensional object. 

62. A container for delivering unused material and for receiving waste material in a solid fVeeform 
'. fabrication apparatus, the cotita irier comprising;: • 

a compartment for storing the unused material; 

an °P enin $ m ^??9BP$^?Pt ^P^S the unused material for use by the apparatus; and 
at least one waste receptacle in communication with the container for receiving the waste material 

63. The container of daim 62! wherem 
receiving a plunger having at piston end which beare 
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expels the material through the opening when the piston is driven into the cylindrical syringe portion. 

64 The container of claim 63 wherein the plunger further com prises a sealing end opposed to the 
piston end wherein the waste receptacle resides between the sealing end and the piston end 

65. llie container of claim 64 wherein the sealing end encloses the waste material in the waste 
receptacle when the sealing end engages the cylindrical syringe portion. 

66. The container of claim 65 having two sym metricaHy opposed waste receptacles between the piston 
end and sealing end of the plunger; 
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